10 μL 0.4 M HCl per mg of kernel tissue, and 10 μL of the extract was assayed for inorganic phosphorus (P i ) using a modifi cation of Chen's assay (Chen et al., 1956) . Extracts from each kernel were placed in individual wells of 96-well microtiter plates along with 90 μL of deionized H 2 O, 100 μL of "Chen's reagent" (1 volume 3 M H 2 SO 4 , 1 volume 20 mM ammonium molybdate, 1 volume 0.57 M ascorbic acid, and 2 volumes deionized H 2 O), incubated for 2 to 4 h, and scored against various standards (0, 155, 465, 930, 1395, 1860 , and 2325 ng P supplied as K 2 HPO 4 ) using a microtiter plate reader equipped with an 810 nm fi lter. Kernels for which assayed extracts showed 930 ng P or more were considered to be LP. Plants from which all fi ve kernels were LP were classed as putatively homozygous for the LP mutation and advanced for testing.
Ten BC 1 F 2 plants homozygous for LP and hulless kernels were identifi ed and advanced as BC 1 F 2:3 families sown at a low population density. Each population was sown in four-row plots, and each row was sown on approximately 36 cm centers at a rate 1.5 g seed m -1 or less, in the fi eld under irrigation in 2000 at Aberdeen, ID. Selections were made on the basis of overall agronomic appearance, with emphasis on favorable spike characteristics, especially with respect to kernel plumpness. A total of 49 plants from 8 of the 10 BC 1 F 2:3 families were selected, reevaluated to confi rm homozygosity for the LP mutation, and advanced for further evaluation as BC 1 F 3:4 rows in 2001. Clearwater was derived from row no. 435, which was given the experimental line designation 01ID435H.
Clearwater was entered in preliminary yield trials in 2002 at a single, irrigated location, Aberdeen, ID, and was selected for further testing based on plant characteristics (height, maturity, and resistance to lodging) and productivity characteristics (grain yield, test weight, kernel plumpness). The experimental design was a randomized complete block with two replicates. From 2003 through 2006, testing was expanded to include additional sites in Idaho that varied with respect to elevation, sowing and harvest dates, and water availability (Table 1) . These sites provide a wide range of conditions, and the highest average nursery yield is typically double that of the lowest nursery average yield. The primary sources of stress are typically abiotic (temperatures >30°C and/or limited moisture). The experimental design at each location was a randomized complete block with either three or four replicates. Soil fertility was managed according to soil test results and recommendations for yield goals appropriate for the site based on site characteristics, including considerations of production histories, anticipated water availability, and avoidance of excessive lodging. All plots were sown with small-plot drills equipped with double-disc openers. Each plot consisted of seven rows on 17.8-cm centers, and-depending on the location and year tested-varied from approximately 2.4 to approximately 3 m in length (length was consistent within any given trial). Plot arrangement was such that the experiments consisted of ranges of 7 to 20 side-by-side plots. Each range was separated by an alley approximately 1 m in width. Harvest was accomplished by small-plot combines.
Clearwater was tested also in the 2006 Western Regional Spring Barley Nursery and in the 2006 Western Regional Dryland Spring Barley Nursery (for details, see Erickson, 2007) .
Data were collected during the testing of Clearwater included days to heading (date of head emergence from the boot for 50% of plants; visual estimate), plant height, percentage of lodged plants (visual estimate), grain yield, test weight, and percentage plump kernels (defi ned as the percentage of kernels retained on a sieve with 19.1-× 2.38-mm rectangular openings). Grain samples were also analyzed for P i , total P, β-glucan, and protein. Total P, P i , phytate, and β-glucan content determinations were made as described previously (Bregitzer and Raboy, 2006a; Dorsch et al., 2003) . The total nitrogen content in seed samples was measured by AACC Method 46-30 (American Association of Cereal Chemists, 2000), using a protein analyzer (Model FT528, Leco Corp., St. Joseph, MI). The protein content was calculated based on total nitrogen with a conversion factor of 5.75. Moisture content was determined according to an AACC method (44-11) (American Association of Cereal Chemists, 2000). The moisture content was used to convert protein content into a dry matter basis.
Data were analyzed by SAS v. 8.0 Proc GLM (SAS Institute Inc., Cary, NC), utilizing the PROC GLM procedure, using various statistical models. Typical models included cultivar, locations, and years as sources of variance, with all sources of variance considered random except for cultivar.
Clearwater was observed to be uniform in appearance and for the LP characteristic from the F 4 through F 8 generations.
Breeders seed was produced by bulking approximately 300 F 7:8 rows that were uniform and indistinguishable from each other in appearance. The LP phenotype was confi rmed by selecting 40 kernels at random from the Breeders seed bulk and conducting single-kernel determinations of P i as described above.
Characteristics
Clearwater is a hulless, low-phytate, spring, tworowed barley. It has an erect juvenile growth habit. Adult plants are medium-tall. Stems have six nodes, a closed collar, moderate head exsertion, and a strap-shaped, semi-lax spike that nods at maturity. Lemma awns are long and rough. Glume awns are rough, glume hairs are banded, and rachilla hairs are long. Rachis edges are covered with hairs. Hulls have prominent, barbless, lateral veins, and a depression tending toward a crease at the base. Aleurone is white. The mutation conferring the LP characteristic in Clearwater may be allelic to lpa2-1, as evidenced by phenotypic linkage analyses (V. Raboy, G. Hu, unpublished data, 2007) . This mutation has been extensively evaluated in the Harrington background (Bregitzer and Raboy, 2006a; Dorsch et al., 2003) and shown to confer significant reductions in grain phytate and signifi cant increases in grain P i , but it does not signifi cantly change total P levels. Comparisons to Baronesse, which is a parent of Clearwater and is widely grown in the Intermountain West for feed, indicate that the LP mutation in Clearwater had similar effects (Table 2) . Clearwater also showed significant increases over Baronesse for grain protein and β-glucan contents in these tests (Table 2) .
Replicated tests for agronomic characteristics have been conducted in multiple irrigated and rainfed environments in Idaho, and in the 2006 Western Regional Spring Barley Nurseries (WRSBN) and the 2006 Western Regional Dryland Spring Barley Nurseries (WRDSBN). The data indicate that Clearwater has favorable characteristics for maturity, plant height, and resistance to lodging. Tests conducted at six Idaho locations (four rainfed and two irrigated) in 2005 and 2006 show Clearwater to be competitive with other hulless barley cultivars for yield, test weight, and percentage plump kernels, but it yielded signifi cantly less than the hulled feed cultivar Baronesse (Table  3 ; Erickson, 2007) . Clearwater also yielded less than the hulless cultivar CDC McGwire in 22 location-years of testing at various Idaho locations (Table  4) . This difference was not signifi cant under rainfed conditions, indicating that Clearwater is not especially sensitive to suboptimal moisture availability. Comparisons of Clearwater to the widely adapted feed cultivars Baronesse and Steptoe also showed relatively stable yield performance. The grain yield of Clearwater from the tests summarized in Table 3 was 73% of Baronesse in both irrigated and rainfed environments (data from individual environments not shown). The grain yield of Clearwater in the WRSBN and WRDSBN was 77 and 79%, respectively, of the yields of both Baronesse and Steptoe. Despite these indications of wide adaptability, Clearwater may not be a good choice for conditions of extreme moisture stress, as the lpa2-1 mutation was associated with an intolerance for the unusually dry and hot conditions encountered during the agronomic tests conducted in 2002 and 2003 (Bregitzer and Raboy, 2006b . In these trials, the grain yield of the check cultivar, Harrington, under rainfed conditions was only 20% of that under irrigated conditions, whereas the data in the current report come from trials where the rainfed mean nursery yields ranged from approximately 65 to 80% of the irrigated mean nursery yields.
Clearwater has been tested primarily under conditions that are not conducive to disease, and little is known about its resistance to common barley diseases. Clearwater is not expected to be well adapted to environments characterized by high disease pressure.
Availability
Small quantities of seed to be used for research or breeding purposes can be requested from the corresponding author. A sample of Clearwater has been deposited with the USDA, National Plant Germplasm Center, and requests for small quantities of seed can be made via their Germplasm Resources Information Network website (http://www.ars-grin.gov/npgs).
Foundation seed of Clearwater will be maintained by the Idaho Agricultural Experiment Station, Foundation Seed Program. Requests for seed should be directed to the Coordinator, Foundation Seed Program, College of Agriculture, Kimberly 
